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Figure 1: GHA Rainfall Outlook for JJAS2016 Season Figure 2: GHA Mean Temperature Outlook for JJAS 2016 Season
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Figure 11: Water levels downstream Sennar dam before and after Roseires dam heightening

For the impact of the Ethiopian Grand Renaissance Dam (GERD) on flow regime along the Blue Nile, still there is not enough information to
accurately assess those impacts. However, few technical reports have shown that the proposed Mendaya dam (capacity is 48 Billion m3) may
lower maximum flood level at Khartoum by 2 m, while increasing minimum level by 0.5 m. Proportionally the GERD will have larger impacts
because of bigger size. In conclusion, the GERD will modify the flow regime significantly by lowering flood level, and enhances minimum lev-

el.

Summary of Rustle

The key findings derived from the field visit, hydrographic survey, hydrological study and the satellite imageries analysis, reveal the following

main conclusions.

e The analysis of the daily water level data for 42 years long for the two neighboring stations of Tamaniat ( 3 km downstream) and Tabya
(33 km downstream) from the pumping site, have shown that the minimum water level at the pumping site for a return period of 50

years is 368.4 m a.m.s.| which below the bed level of the river branch at the pumping station.

e Itis expected that the minimum water level will increase, and the maximum water level will decrease after the operation of the Ethiopian

Renaissance Dam which is expected in the coming few years.

e  The analysis of the satellite imageries of the study sites for years 1994, 1995, 2014, 2015 and 2016 shows significant morphological

changes.

®  The possible mitigation measured are also reported such as dredging, change the pumping site and river widening...etc
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The river bank was delineated for each individual
image in 2014, 2015 and 2016 as shown by Figure 9.
The identified river bank lines for the satellite data
have been delineated using above methodology
(NDWI Method). Two river bank lines (left and
right bank) have been delineated for the years

2014, 2015 and 2016.

Near location 1and around the pumping site, bank aggrada-
tions was observed along the right bank of the island. The
annual rate of bank deposition change towards the pump
site about 34 meter/ year during 2014, 2015 and 2016. More-
over, sever erosion along the left bank was observed during
the field work and resulted from the satellite image analysis.
In addition, the development of the upstream island

(location 2) showed noticeable development towards the

N 1984 NDWI

_Recent Projects |

1995 NDWI

2014 NDWI
Figure 8: The long term morphological changes using NDWI detection method

2015 NDWI

2016 NDWI

Legend
boundary 2014
— boundary 2015

boundary 2016

0 05 1

Figure 9: Comparison between boundary 2014, 2015 and 2016

(5) The impact of upstream developments in the Blue Nile

Two major developments are taking place in the Blue Nile further upstream, these are the heightening of the Roseires dam in 2013, and
the construction of the Grand Ethiopian Renaissance Dam (GERD), planned to start operation by next year. These will have big impacts

onriver flow, and hence water levels along the Blue Nile.
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Figure 10: Water resources projects in the Blue Nile River (existing and proposed projects).

The water level downstream Roseires after heightening in 2013 seems to rise significantly, e.g., Fig. 22 shows the water level downstream
Sennar dam before and after heightening. It is to be mentioned that, large irrigation development are planned further upstream (Rahad I,

Roserires East), which may abstract most of the stored water in Roserires after heightening.
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(3) Hydrographic Survey

The hydrographic survey comprises the land and bathymetric surveys to define river cross section within the study area, and addi-
tional information and ground observations on the history of morphological changes in this river reach. The land survey was carried
out using ordinary levelling instrument and a GPS. This covers the flood plain on both sides of the cross section. The GPS has also

been used to delineate the water boundary. The bathymetric survey was done using a rubber boat, and sounding GPS to measure bed

profile, i.e., location and vertical depth (x, y, z).

The land and bathymetric surveys data were used to generate the contour maps of the river topography at the vicinity of the pump-
ing site (see Figures below).

Figure 5: 3D contour map.

Figure 6: 2D Contour map

(4) Satellite Imageries Analysis
Multi-temporal Landsat data (satellite images) of the years 1984, 1995, 2014, 2015 and 2016 have been studied to trace any change
of river morphology. ERDAS Imagine 9.2 image processing software has been used for processing the satellite image, while ArcMap
10.2 GIS has been used for analysis of change. Mapping change of river morphology was achieved by computing the Normalized Dif-
ference Water Index (NDWI), which is an index to extract water bodies from satellite imagery. The methodology used to determined

and detect the morphological changes from the satellite imageries within the study area is shown in the flow chart below (Figure 7).

l The long term morphological changes (Figure 8) as de-

——————————————————— rived from the satellite imageries are significant in partic-
| MNDWI !

ular the right branch as detailed in the following points

The existing island in-front of the pumping (Green Circle) site was

1 Determine Threshold ' small in 1984 (10.4 m width) and started grows up in 1995 (433.3 m

l width) and further the width grows up to 741.4 min, 2015 .
——————————————————— . e Incontrast to the island development, the right branch width has been
! Reclassi !
Y l— — ty ——————— ! reduced with time in 1984, 1995 and 2016, respectively

Figure 7: Morphological changes detection
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The main findings of the study are briefly discussed below:

(1) Hydrological analysis

Tamaniat and Tabya gauging stations downstream the study area were selected for hydrological analysis. Analysis of the historical water

level records revealed the main characteristics given in the table below:

Description Gauging Station
Tamaniat Tabya
Distance from NBPS (km) 3 33
Length of Record 1970-2012 2008 — 2015
Minimum recorded WL (mamsl) 368.540 363.100
Maximum recorded WL (mamsl) 375.990 370.800
Range of WL fluctuations 7.50 7.00

Rating curve equation

Q =29.41= (H- 65)*°

Q =115.49 = (H+ 5)%

Figure 2 below shows the mean monthly hydrographs for both Tamaniat and Tabya stations, which is fairly represent the Main Nile river hydrograph.

Discharge (m?/s).

(2) Frequency analysis
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Figure 2: Tamaniat and Tabya Mean Monthly Hydrograph

A frequency analysis has been carried out in order to estimate the extreme values of water levels (maximum and minimum), and

how frequent they do occur. Extreme Value Type Il was selected as the most suitable distribution function to represent the ex-

tremes of Tamaniat and Tabya data. Results of fitting are shown in Figures 3 and 4 below.
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Figure 3: Maximum & Minimum Water Level Frequency
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The suitability of the Intake of North Bahri- El Tamaniat Pumping site (1)

; Location of water supply
| pumping site

By: Associate Prof. Abu Obaieda B. Ahmed

Fig. 1: Location of North Bahri - el Tamaniat Pumping Sta-

The Hydraulics Research Center (HRC) has implemented this study, as a national pioneer institute in studies and researches on the
field of river morphology, based on the contract agreement signed on the 4" of April, 2016, between “Khartoum State Water Corpo-

ration, KSWC” as a Client.

The North Bahri —el Tamaniat Pumping Station (NBTPS), has been established on the Eastern Branch of the Main Nile south to Ta-
maniat village. The objective is to supply domestic water needs for the population scattered in the area from Al Kadaro in the South
to Garri in the North of the station. The total design capacity of the units is 50,000 m3/day. The station was commissioned in August
2008. The produced quantity of water is distributed in the ratio of 7:3 i.e 35,000 and 15,000 m3/day, between the north and south

served areas, respectively.

However, during recent years, less flow is entering the eastern branch of the river during the low season (Figure 1). This has created
real challenges to pump the design discharge. The KSWC owned the land of the pumping station, and planning an expansion of the

pumping capacity at the same site

The main objective of the study is to give a technical advice on the best way or interventions that has significant effect in changing
the morphology of the river in order to divert more flows towards the vicinity of the North Bahri — el Tamaniat Pumping Station

(NBTPS). To achieve such an objective, the following investigations have been tackled:
e  The variation of water level, and hence expected river discharge and water depth in front of the pumping station is analyzed.

e Limited field surveys (land & bathymetric) were done to measure the current river cross section in the vicinity of the pumping

site, as well as the proportion of flow during the time of measurements.

e  The historical morphological changes during recent years near North Bahri — el Tamaniat Pumping Station. This has been done

to learn how fast morphological changes, or the formation of the island, has taken place.
e  The impacts of upstream development along the Blue Nile river are discussed.
®  The possible interventions to improve the water supply at the pumping site are discussed in detail.

e  The historical morphological changes during recent years near North Bahri — el Tamaniat Pumping Station. This has been done

to learn how fast morphological changes, or the formation of the island, has taken place.

e  The impacts of upstream development along the Blue Nile river are discussed.
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